ABSTRACT
Introduction
The Infraorbital nerve (ION) is the terminal and largest branch of the maxillary nerve. When the maxillary nerve enters the orbit through the maxillary fissure, it is called the infraorbital nerve. On the orbital floor, ION passes through the infraorbital groove and infraorbital canal (IOC) then comes down over the anterior wall of the maxillary sinus to reach the face through the infraorbital foramen (IOF). The inferior orbital nerve provides the sensation for the skin of the lower eyelid, conjunctiva, upper lip and lateral surface of the nose. [1] According to Kazkayasi et al. , [2] investigating 10 cadavers, the IOC is unroofed along one fourth of its length in about 50% of cases. They also found that the superior roof of the IOC is a very thin bony layer in comparison with thick inferior wall at the roof of the maxillary sinus. However, it is not a fact in all cases as the ION can protrude into the maxillary sinus in several instances. [2] Ference et al. [3] classified the ION course according to degree of its protrusion into the maxillary sinus in CT scans of 100 individuals. They reported that in 12.5% of cases the IOC was completely protruded into the maxillary sinus. This protrusion is more prevalent when a Haller cell exists in maxillary sinus. [3] Long term sensory disturbance of ION reported from 10% to 50% of patients who had correction of orbitozygomatic complex fracture. Meanwhile protrusion of IOC into maxillary sinus roof is considered as a significant risk upon fractures and different surgical procedures. [4] [5] Iatrogenic injuries also could occur during different procedures such as Caldwell-Luc surgery, rhinoplasty, endoscopic sinus surgery, maxillary resections, removing tumors from maxilla and antrum. [6] [7] [8] Facial numbness has been reported in 2% to 9% of patients after Caldwell-Luc procedures. [6, 9] When the attachment of inverted papilloma is far lateral or anterior in the sinus, endoscopic resection must be completed with a Caldwell-Luc approach or antral trephination.
[ [10] [11] In endoscopic maxillary sinus surgery, the possibility of injury to the ION is even more when the nerve is attached by a septum to the sinus roof. [12] Facial numbness has also been reported in 44% to 67% of patients following endoscopic surgeries in pterygopalatine fossa. [13] [14] On the other hand, Haller cells' (infraorbital ethmoidal air cells) location in inferior rim of orbit is much closed to IOC and has a positive correlation with orbital floor dehiscence. [15] Choi [16] reported a case with complaints of unilateral medial facial hypoesthesia resulted from the influence of a mucocele in ipsilateral
Haller cell on the infraorbital nerve dermatome.
Nowadays, cone beam computed tomography (CBCT) imaging is an accepted modality for radiographic evaluation of paranasal sinuses and related structures such as IOC and IOF because of low radiation dose, high bony resolution and easy image processing. 
Discussion
This study showed that the incidence of protrusion of IOC into the maxillary sinus is a common variation and can be seen in 23.2% of studied population. This prevalence was found to be greater than the reports of the previous studies reported by Ference et al., [3] with Yenigum et al. [19] in Turkey (51.2%). They classified IOC types according to Lee et al. [22] approach.
They found no correlation between IOC type and presence of Haller cells, but they reported that the rate of the IOC totally protruded into the maxillary sinus increased from 9.8% in cases without maxillary sinus septa to 25% when maxillary sinus septa are present. [19] Ganddhi et al. [23] found that septa were more common in edentulous specimens and the presence of septa increases by tooth loss and atrophy of the maxillary alveolar b- Yenigum et al. [19] investigated a wide range of age (18-84).They have not explained that this correlation between septa and IOC type was in dentate or edentulous patients.
The results of present study confirmed the correlation between IOC type and gender. This correlation was not found in any previous studies, which may be explainable by anatomic variations in different populations. We found that type 1 is more common in females and type 2 in males. The clinical importance of this finding is not established. According to Lantos et al. [20] when the septa of type 3 IOC is short, it does not make clinical importance. They investigated 500 CT scans for prevalence of type 3 IOC and classified it to three types according to its length. The prevalence of protruded IOC was reported 10.8%. ION is more susceptible to be injured when it is protruded for a longer distance. [20] The importance of protruding IOC into the maxillary sinus is not fully understood. Some of the following possibilities might be true. First, this variant impairs normal drainage pathway. Second, the endoscopic access to distal areas is hindered. Third, a potential predisposing factor for occult disease is present, and finally fourth; the risk of surgical errors increases. [25] Lantos et al. [20] also investigated that from which wall of the maxillary sinus the septum arises. In all subjects, the septa of type3 IOC was attached to the anterior wall except one patient had attachment to the posterior wall. It is compatible with the present study which the whole type3 IOCs attached to the anterior wall of the maxillary sinus. Attachment to the medial wall is theoretically at greater risk during maxillary antrostomy. [20] In descended nerves (type 3), the distance of the infraorbital foramen to the infraorbital rim was 1.98mm
greater than non-descended types. Ference et al. [3] found this difference to be 2.9mm. In the present study, the mean distance of the infraorbital foramen to the orbital rim, the diagonal length of the nerve protruded in maxillary sinus, and distance from the nerve canal to sinus roof in type 3 were shorter than Aziz et al. [28] studied forty-seven cadaveric heads and measured the distance of the infraorbital foramen to the orbital rim and to the facial midline and supraorbital foramen. They found that the IOF varies according to location, size, shape, laterality and incidence of accessory foramen. [28] The most obvious significance of the distance from the IOF to the orbital rim is in Caldwell-Luc surgery and local anesthesia procedures. During the CaldwellLuc procedure, the facial flap is elevated at the IOF and facial numbness has been reported in 2% to 9% of patients following this surgery. [9, 29] Endoscopic approach has been substituted Caldwell-Luc surgery but Caldwell-Luc is sometimes being applied for resection of neoplasms, ligation of internal maxillary artery and orbital floor repair. [12] The length of the nerve exposed into the maxillary sinus and the distance of the IOC to the sinus roof must be considered during endoscopic sinus surgery.
For instance, during an expanded endoscopic approach, if access to the infratemporal fossa is necessary the back wall of the maxillary sinus must be removed and the infraorbital nerve will be at risk. [30] [31] Facial numbness has been reported in 44% to 67% of patients after endoscopic pterygopalatine fossa surgery. [13] [14] The present study showed correlation between totally-protruded nerve and increased distance between IOF and the infraorbital rim, which increase the risk of the injury to ION during Caldwell-Luc approach. This outcome was in accordance with Ference et al.'s [3] result. The horizontal distance from IOF to the canine root did not make difference in different types of IOC, which was compatible with Ference et al., study [3] i.e., 11.99±2.54mm versus 12.43± 2.34mm. Therefore, the distance from canine can be used as a supplemental landmark for locating IOC during surgeries since it is nearly constant in all types of ION canals.
There are some studies about the morphological structure of the IOC on cadaveric skulls using CT data. [2, 25] Radiologists must mention any anatomical variations in the sinonasal regions before any surgery to prevent any complications. There were few studies [3] looking at the influence of the course of the nerve on distance from IOF to the orbital rim or canine on CT.
This is the first study to use CBCT sinus scans to measure the length of the protruded nerve below the infraorbital rim, among patients with anatomic variations in the course of the infraorbital nerve.
Conclusion
Protrusion of IOC into the maxillary sinus is not rare and it must be considered during different surgical procedures. This variation increases when there is a Haller cell. The distance from IOF to the orbital rim increases, when the nerve is protruded into the maxillary sinus.
Preoperative examination, by a low dose technique, avoids iatrogenic injuries and surgical complications.
